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Ever s^.noQ| the introduction of vocationalization 
in our school system by several States in our country 
the paucity of appropriate instructional materials 
has boon felt as one of tho major constraints in 
implementation of the programme and a source of 
great'hardship to pupils offering vocational studies 
at the higher secondary stage, 

i ( 

The Vocational!zatiun of Education ^Unit .of the 
national Oduncil of Educational Research and Training, 
JJew Delhi has started a modest programme of develops 
ing instructional materials of diverse types to fill 
up this void in all major areas of vocational educa¬ 
tion, Tho task is too gigantic to be completed by any 

* I * , 

single agency but the model materials boing devolopod 
by us might provide guidance and impetus'to the 
authors apd agencies desiring to contribute in this 
area. These are baseft on the national guidelines 

' , i ’ - 

. developed by a working group of experts constituted 
by nCJiftT*. 

- 1 **■ - -- , i 

The present manual ison.. , \A,gricultural, meteorology 
and is commoh portion of the. crop production and 
allied vocations in a number of States, It. contains 
‘activities ‘(Practical exorcises) to be performed by 
pupils With .'simple steps to follow, precautions to be 
taken ahd. data-'to do obtained and processed. Each 
activity ip..complete .with brief theoretical informa¬ 
tion* oo jectivee,' behavioural outcome, evaluation etc, 

It r is hoped that- the pupils will find them immensely 
Useful. . ’ • a:. ■ . 
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The pages that follow contain a draft of. the 
writing which will bo finalized after obtaining the 
responses and feed-back from puplls F tpacherg and 
others concerned, The material wd,ll ,thon Repub¬ 
lished in the printed fora.- , 1 ./ 

" i — 1 1 1 \ 

The users are requested to complete the quest- 
■ 1 ' 1 s I . \ 

ionnaire appended and return it to us. Comments and 

suggestions for improvement of the materials are also 

welcome. 

"The material has been developed by’a 'group of 
experts as authors in a workshop hal'd ~at-thb Andhra 
Pradesh Agricultural University, Rajea&rnnagar, 
Hyderabad, Andhra Pradesh. The name is nr© mentioned 
elsewhere, and their contributions are..admirably 
acknowledged.' .Our thanks'are also ■ due to Shri 
T. Madan Mohan Reddy, Assistant Professor, Department 
of Agronomy, College of Agriculture!* APAU, Hyderabad 
for thei pain b ho t.ook in varyfying. the .authenticity 
of contents of the manual. Dr. a.S acheti, Reader 
<~nd Dr. a.K. Dhotu, lecturer:, V.S. Unit deserve 
special thanks for editing and bringing the-materials 
in the present' form 1 . The. assist once of .all in the 

aPmU, Raje^dranagar, Hyderabad, Andhra. Pradesh and 
Vacation®!.!action of Education Unit, NCERT is also 
thankfully acknowledged. 


April 1983 
New Delhi 


ARUN R. MISHRA 
Professor and Head 
Vocationalization of Education Unit 
National Council of Educational Re soar 
and Triiining, New Delhi-110016 



About 17 different groups of vocational courses 
in agriculture area have been introduced by tho six 
Stages and four Union Territories'," s 0 far. These 
courses are in vogue'for th 0 last 5 4 -^ yda^feV^l’ron 
the very beginning, the Yocationalizatibn' bf Education 
Unit of NCiSJif is working hand in hahd L With the state 
functionaries through various programmes orgahised for 
the State'officials, vobatiorial tea'chers and 1 others. 

In fact, by now the Unit has conducted oft-the-spot" - 
studies of vocational programmes for 5 all tho''States 

except Tamil Nadu to find out the,merits and den&rits 

■ ’ ' . r :, ' ■ « 

of the programme and to suggest appropriate pea sure s 
to solve the issues pertaining to the scheme,. Beside 

' > V ' 1 * • J 1 T J *j \ 1-iJ 

these studies, the Unit has also organised short-term 

1 1 * 1 * I i ' 

teacher training programmes in .agriculture. All these 
programmes have revealed that thero is a groat dearth 
'of suitable textual instructional, materials* specially 

’ t Li . w 1 

the need of practical manuals was urgently felt. Supply 
of instructional oaterials and imparting, o,f t practical 
training becomes still more essential, when one looks 
at the purpose with which the vocationalizption of 
' education snheue has been launched. The main aim is 
to prepare tho pupil for purposeful and gainful 
employment (wage or self-employment). 

To devolop models of instructional materials, 

, . , - „•> 
the Unit constituted r. Working G-roup to formulate 

* E • „ 

guidelines for the development of different typos of 

instructional materials and to prepare brief exauplar 

, ‘ - . . . - • " ‘ 

units. 
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Baped^on the guidelines gullied by the Working 
, G-roup, crop production, which is an important and 
popular, rocctional course in agriculture was selected 
f;r the purppee of developaent of instruotionsil mat¬ 
erials in phased manner. To begin with,, development 
,of inetruc tiona}.-cun-practical manual was t£,kpn up. 
plater* the work, of teacher's guide development and 
,text books writing shall .also be taken up. 


The content of the crop production and allied 
courses offered by the States and Union Territories 
under different titles was thoroughly analysed and it 

*< 1 » ■ i, i ,, 

was felt appropriate to develop seven such manuals to 
' cater k tV the needs of the co'ursQ. The present annual 
is one of them. While developing the manual, care was 


-taken that it r should include maximum number of Activity 
‘Units (practical exercises) so that’it fulfills the 
requirements of the course prescribed by the States 
^-frd Union 1 Territories in the crop production group of 
courses and also other vocational courses. Crop pro¬ 
duction group’ includes courses like crop science/ 


principles 6f crop productioh/agriculture. 


This manual is envisaged to help both teachers 
and pupils in the pursuit of Agricultural meteorology 
t«. part o£ vocation. It explains 'what 1 , 'why* and 'hiw 
~>f the Activity Units which are essential to develop 
'required vocational skills in the pupils. 
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la tho manual epch activity Unit has boon dealt 
in several sub-heads, viz., instruction?.! objective^, 
relevant infornati on, precautions, netorialp required, 
procedure,* obsorvationg, expected behavioural outcone 
and questions. 

Before commencing with actual work for any .activity 
Unit, the teacher should know what exactly pupils have 
to loarn and do and whether they will bo able to do 
that? Therefore, in the beginning instructional object¬ 
ives in behavioural terns should be franod by the teacher 
f jt the pupils. 

«, r 

In order to acquaint tho pupils about the Activity 
Unit, thu teacher should provide then with roquired 
theoretical knowledge or information relevant to the 
activity. This will help the pupil in propor under¬ 
standing of the activity Unit. In other words 'what 1 
.nd 'why 1 part of the Activity Unit should be explained 
well in advance by the teachers. 

Once the pupils have understood, the relevant 
th*- jretico! ini or nations, the teacher should tell then 
ab^ut the precautions which are to be followed before 
and during actual execution of the Activity Unit. 

This will facilitate their smooth working. ‘How 1 part 
of the manual will be described in the •procedure 1 
which pupil will follow while performing the Activity 
Unit. . ' 

Un#Wr tho sub-head ‘observations 1 , the pupil shall 
jbserve the situation, take readings, and similar other 
points as suggested under each Unit which nay vary from 
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Unit to Unit. Wherever calculations are required 
to oe done to obtain the results* they are also 
mentioned under this head or in pQpt.rp.te ho ad. 

At the end of the activity, the pupil shall 

j 

acquire certpin abilities which should bo closely 
related with instructional objectives given under 
each activity Unit. These abilities shall be 
listed under the suo-head Expected behavioural 
outcome*. Evaluation shall be based on the abili¬ 
ties acquired and it will be done by the concerned 
teachers. 

For evaluating each aspect, the teacher will 
use 4 point scale i.G., a, B, C & I) and for each 
Activity Unit. Grade Point Average can be calculated! 
as indicated below j 

Suppose there are four aspects or abilities 
and each carries equal weightage and a pupil obtains 
2A*s> 1 0 and 1 D and if * = 4 point, B = 3 point, 
0=2 point, D = 1 point, based on the grades the 
pupil will got 11 points and when this is divided 
by the total number of aspects examined it will 
give grade point average, in this case it is 2.75. 
Tabular presentation is c s under i 
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it Q C *fc 

(freight¬ 

age 

Grades 

0 btai- 
nod 

Total points 
Weightage x 
point equi¬ 
valent to 
grade obta¬ 
ined 

Grade 

point 

average 

1 

1 

A 

1x4 

4 


2 

1 

0 

1x2 

2 

11 2.75 

4 

3 

1 

D 

1x1 

1 


4 . 

1 

A 

1x4 

4 
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A « 4 points, 0 = 3 points, 0 = 2 points, D = 1 P oijat 


In the last, some questions related with the 
activity Units are also given, the students shall 
write the appropriate answers after the completion 
of the Activity Unit and teacher shall examine them. 

If required, he shall do suitaole corrections and 
^ive suggestions. However, answer to the s o questions 
will not oe considered for the purpose of grading. 
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agriculture is, the main occupation of tho people 
of India with nearly 75 per cent of the country* s 
working population engaged in it. *!laosi f 50 per cent 

’ f 

of the Gross National Product (GNP) is accounted for 
by agricultural production. Agriculture not only 
supplier raw materials for a nuuber of important Indu¬ 
strie# hut also provides products which forn najor 
, shar^ of country 1 s foreign exchange earnings. However, 
even today agriculture in India is largely .dependent 
on Pf#y$ling Weather Conditions especially rainfall" 
as hardly 25 per cont of the cropped srb& is having 

assured and adequate supply of irrigation water. In 

" - 

India, the kharif crop raised during South-We e t non- 

t * 

so_on period are exposed to slight or severe water 
stress in different regions of India depending on 
the deficient rainfall spoils associated with 
"breaks" in nonsoon and severe floods occurring due' 
to the erratic movement of the noneoon depressions. 

The kaDi crops grown without irrigation depend on 
the soil moisture accumulated during,the preceding 
uonsoon since the winter rainfall is meagre in 
different regions of India and its distribution is 
erratic.' The occurrence of droughts due to lrrge 


year -to year fluctuations ->f total annual. raiafoli. " 
and deficient ..rainfall Bpells within the crop grow¬ 
ing season is a major determining factor of agricult¬ 
ure in India inspite of phenomenal technological 
advancements mad© by way of introduction of improved 
varieties, higher fertiliser use and bott'or plant 

l L 

protection and wator management practices etc. 

During drought periods, prevalence of high tempera¬ 
tures and high wind speeds and evaporation worsen 
the situation by causing faster depletion of meagre 
available soil moisture. In view of the above 
factors, knowledge of the inter—relationship of crop 
growth and productivity with various meteorological 
factor© becomes extremely important* 

i 

Bo, in this manual, pupils are taught to 
measure the important meteorological elements which 
have significant influence on Qrop Production, as 
is well known,' tho essential requisites for success¬ 
ful raising of crops are water, air, sunlight and 
soil, 

As alre dy statod, rainfall is by far the most 
important factor in determining final agricultural 
yields. In hilly regions in the north, snowfall 
instead of rainfall occurs due to 


prevalence of 



colder temperatures* Hiring'the hot weather periods 
of March to May, violent thunderstorms accompanied hy 
hail occur causing heavy damage to_agricultural_and 
horticultural crops'^ So in Activity Unit -l* the 
measurement of rain, snow and hail has been discuss ed« 

In arid and seni -ar id_re giops, _dew forms a valuable 
supplementary moisture resource for vegetation* 

Hence the same is discussed in Activity Unit-7? 

Air temperature and soil_tsniperature play a 
* vital role in crop growth and development^ Orog_ _ 

water use is increased with increase in temperature 

— - - - 

and there are cardinal temperatures (vizi Maximum, ^ 
Minimum and optimum temperature ranges)or germina¬ 
tion and other crop development processes^ Final_'_ 
grain yields are also determined by the temperature 
ranges prevalent during the crop growing's ea son. 

So_, the determination of air temperatures^ at differ¬ 
ent hours of the day as well as maximum and_minimum, 
values for the day is important and_is_discussed in 
Activity Unit-2« ©ptimum soil temperature is an _ 
important condition for proper germination and tb^ 
soil moisture movement is also^dep endent on th,$ — 
t Tiporature of the soil. So this aspect is^discussed 
In Activity Unit-8.' / 



Humidity plays an important role in thojinf osta- 
tion of crops "by posts and diseases and in determina¬ 
tion of crop water usei Prior the air, more will 
be the water losses from crop fields and less is 
the incidence of pests and diseases^ Hence, Jhumidity 
measurement is discussed in detail in Activity Unit- 3 '“ 

Solar radiation is one of the most important 
factors in photosynthesis and transpiration of crops^ 

But since its measurement involves advanced instru-_ 

mentation idiich are available only for a few locations,’ 
indirect estimation of the same from sunshine or cloud 
data would be useful* Henco_tho measurement of sun¬ 
shine and cloud amount has been given undor Activity 
Unit-5, The wind which has also a major_role_in__ 
determining crop water use is discussed in Activity 
Unit- 4 . 

9 

As already mentioned, dryland farming areas 
form the majority of the cropped areas in IndiaT 
Hence study of evaporation and ovapo-transpiration 
becomes extremely important’.' This aspect is discussed 
in Activity Unit -6 and Activity Unit jg } respectively." 
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1 . activity Unit : MU^SURjjMMT UP PRjsCJS I'MIOJSI 

1.1 Ins tru cti on al Objectives ; 

The pupil should, ee able to s 

- know different for is of precipitation; 

- know different pr.rts of rain and thoir 

functions? 

~ know the exposure requiroaonts end. installation 

r 

of r. in 0 .u_jes; 

know the nub hods of nuns'- roment of rain, 
snow and he.il; 

- compute rainfall intensity of a .jiven rain 
spoil; 

- calculate the quantity of water received by 
crop fields froa rainfall spoils of specified 
aaount s; 

- measure the rain wrter by ae-oie ef me .surin^ 
cylinder. 

1.2 .Relevant Info ran ti on. : 
vfhat i b precipitation ? 

Precipitation is defined as particles of liquid 
Water or ice formed within a cloud and falling towards 
the ground. There r.re atleast threu or.in foras of 
precipitation viz., rain, snow and hail. Rain is the 
liquid fere of precipitation while snow consists of 



ice crystals* ^onorally in fLaJcue Jf lifiW- feathery 
structure. Hu.il usually falls during severe rhundor 
stores due to violent convection and consists of ice 
Dalle or luape of bi^’jer sizes. In a thunder cloucl, 
etr-n.j vertical air currents carry the rain drops 
above and juIjv the frouzinj of rain drops and its 
growth by altornate accuLiulation of snow r nd wa.to r. 
■Ihus* these ice oalls are called hail stones and 
they fall to the ground during htiil. 

- What ar e the diffe rent parts of the rain-auKO? 


The essential parts of tho rainjr.u 0 o aro i 

(a) funnel which has a braes riui of di,-.jetor 127 na, 

(b) cylindrical body, (c) receiver with a narrow 

neck ..nd handle and (d) splayed base which is fixed 
/ <iu 

in the .preum/ (e) aoasurinj cylinder (Fij. 1.2.1). 


- What pro the exposure roquireuonts of the installa ¬ 
tion of a Jiainaauico s 

The rain-jau^o should oo installs 1 on a level 
jround, not upon a elope er terrace ..nd never on a 
wall or roof. It should not oo inst:J.loJ on a 
ground that h s slope on the sido of the prov?.i.ili a <fc 
wind since in that case quite a few rain drops will 
bo carried away oy winds. In order to avoid logs of 
rain drops due t} obstruction, tho diet nee of any 
oojoct should oe atlwast twice the heijht of tho 
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object coove the ri... of thy rainjr.ujo. Provided 
these rules are adhered to, the presence of oojocts 
tending to shelter the rainjauje from wind is advant¬ 
ageous. I'or instance, a belt of trees conforming to 
the a.oove rule usually forms an efficiont shelter, 

- How is the Kaxn,^u,<o installed ? 

The rainjau j,o should dq fixed on r. nr.sonry or 
a c jncrete foundation of 60 cn x 60 cn x 60 cu sunk 
in to th<^ jround. The base of the jaujo is cunonted 
into this foundation so that the rii_ of the ^i.uje 
is exactly 30 ca.noovc ground level. This height is 
chosen in order to nLninise wa.ter splashing into the 
. If the height of the rin is uoro, the rain 
water collected would decrease because of the ohanjc 
in wind structure near the jau 0 e. The top of the 
rin of the rain«£nujo should jo perfectly level, 

- How is rainfall neaeured? 

The rain falling into the funnel of the ri:in- 
_,nuje if collected in the receiver kept inside the body 
and is measures oy noons of e. special ner.sureinj 
jlass cylinder jrc.due.ted in millimetres. Ten milli¬ 
metres of rain means that if th.it rainfall is allowed 
to bo collected on a flat surface, the height of the 
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water collected, would oe 10 ua. In. case measuring 
j,lr.se cylinder Is not available, in such cases 
126.7 ml. water collected in 127 ou wide ram 
collector is equal to 10 ou rain. 


- How are snow fell and hail uioagurod? 

Show fall is measured by means of special snow 
jr.u_.ee. These p-u^ s are of 127 am or 200 au rin 
diameter and arc mounted on iron stands at r. height 
aoove the ..veraje snow level of the location. A 
known quantity of wr.ru water i s poured into the 
receiver in which snowfall has boon collected. 

After melting of the snow, the total amount of 
water i s measured, The actual amount of snow f, 11 
is obtained by subtracting from this tho . lount of 
warm water added,. During hail also, watmr and hail¬ 
stones collected in the receiver are measured in a 
sirnll r manner. 


Wh^t-is^inten sity of F . r ai nfall spell and h ow 
It is measured? 

The intensity of a rainfall Sj jo 11 i s defined 
as the ratio of the tot..l amount of rnnf'll recorded 
during the spell to the tot-l duration of the spell. 

It is expressed in mu per hour. For recording the 
total amount of rainfrll in a particular rainfall spell 



a special self reoordin.j rainjaueje is us«d. It 
consists of a float chancer containing a li.jht 
hallow float, j»s the water collected oy the outer 
funnel is led into this chamber, the float rises 
alonj with the water level and the vertical move¬ 
ment of the float is recorded oy a pan on a chart 

i 

fixed on a rotatinj clock drum. This chart has a 
ran^e of 10 urn, its soon as 10 an of rain falls* the 
pen re chos the top lino of the chart. But the inst 
ruaent ir s a syphoning arrangement. So, the water 
in the chamber ^jets emptied and the pon find float 
come to tho initial position iuaodiatoly. If 
there is further rain, the pen Cjntinuos to rise 
t.nd record the rainfall in tho.aoovo manner. Thus, 
if in a particular rainfall spell there arc two 
eyphoninjs followed oy the rise of pen to 5 am, 
the total ,mount of rain received during the spell 
is 25 so. If the duration of this spoil is 30 
minutes, ag seen fnaa the chart, then tho intensity 
jf the rain fall spell is || x 60 or 50 nn/hour. 

In this way, intensity of particular rain¬ 
fall spell can jo calculated. 
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- How la the qua ntity of water... receiv ed in. a crop 
field fro j a particular ra infall fUQ UJit dotorninur]? 

as explained earlier, the rainfall is measured m 
depth units viz. uo. So, if the area jf tho crop 
field (a) in eq. cu. and tho rainfall amount (a) in 
c□, are Known, the voluuo of water V in on. ca* 
received over tho crop field can jo calculated loy the 
following foruula'. 

Y = a x R 

Since 1000 cuoic contiautreg ig 1 litre rnd 
1000 litres ig 1 kilo litre^ wo can calculate tho 
voIujg of water in litres or in kilo litre g. 

Per example, if the area of the crop field is 
0.6 hcotaru and rainfall recorded ig 24 an, the volune 
of rain water received in that crop field can oc cal¬ 
culated £.g follows i 

Y = 0.6 x 10,000 x 10,000 x 2.4 cu.cn. 

“ 144,000,000 cu.cn. 

= 144,000 litres 

- 144 kilo litres 
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1 . 3 Precautions : 

- .avoid spilling of the rain water while 
transforinj, from rain^au^e receiver to the 
measuring cyliner, 

- avoid parallax orror while reading the level 
of water in the measuring cylinder, lor 
this the observer should orinj, his eye at 
the level of water in the cylinder. 

- Use appropriate aee.gurxn^ .jlass cylinder 
provided with the rain.jnu.je. 

- If dunn 0 heavy rainfall, water in the re¬ 
ceiver hag over flown and fallen into the 
outer cylinder, the quantity of water colle¬ 
cted in the receiver as well as in the outer 
cylinder should be addod. 

- alternatively, on dr yp oi heavy rainfall, 
more frequent measureuente should bo uf.be 
in order to avoid overflow and all these 
amounts should os added up. 

1.4 Material s reguirod 

i. Ordinary rmnjau^e installed as per standard 
procedure 

ii. Measuring cylinder appropriate to the ruin- 
0 au j,e 


iii. Basin 
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1.5 Procedure 

- Hemove the funnel of the raingnuge# 

- fake out the receiver containing rain water 
collected, 

- PI ace the measuring cylinder in a basin end 
transfer the content of the receiver into 
censuring cylinder, 

- J£eep back the receiver and funnel in position, 
after the transfer of rain water, 

- Hold the measuring cylinder in an upright pogd* 
tion or keep it on a table or a horizontal 
surface, 

- Head the water level in the neasuring cylinder 
correct to 0.1 nu (since the water Ikevel 
would be slightly concave duo to surface 
tension, the bottom of meniscus should be 
road, avoiding parallax error). 

1.6 0 oservations J 

fho pupil should tnJte the following observations* 

i. Hainfall in on for 24 hours ending at 
0850 hrs. I.S.f. 

ii. .lain fall during a particular period of tine. 
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1.7 E xpected Beh -vioural O utcome i 

The pupil acquires the abilities to : 

Grade 

- identify different for.is of precipit- _ 

ation; 

- know the different parts of the rain- 
a’au^e and their functions! 

- know the method of installation and 
exposure requirements of the raingauge; 

- compute rainfall intensity or a parti¬ 
cular rainfall spell; 

- compute the quantity of water received 
by the crop fields of different dimen¬ 
sions from the r? infall of specified 
amounts; 

- measure rainfall. 

The teacher should evaluate the pupil for the 
aoove aoillties. 

1.8 Questions i 

i. What is the difference between snowfall 
and hail? 

ii. Why does 11-41 dccur during summer? 
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iii. If there is a troo of 25' height and 

a rain gauge is to oe installed in its 
vicinity, what precaution should ,'oe 
taken durin 0 the raingnugo installation? 

iv. How do you no a sure a rainfall of 45 Liu. 
when you are provided with only p. 10 m 
noapuring cylinder? 

v. Oalculf to the intensity of rainfall for 
the following rainfall spoils s 

Data occurrenco .utaount (an) 

18-7-1982 0845 - 0915 hrs 1ST 10.2 

D510 - 1640 hrs 1ST 15.0 

vi. What is the quantity of water recuivod in 
kilo litre? !jy a cropping land of 0.5 heet- 
are froa a rainfall spoil 0 f 15 qq? 
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Ac tivity Unit i 


MhkSURiiUWI OF AIR TjSjVLPRRATURB 


2.1 Inatractional o~b.lejti.ves : 

The pupil should be aole to ; 

- know what air temperature means, its diurnal 
variation and how the heat transfer processes 
are cannected with temperature changes ; 

- measure air temperature including the maxi¬ 
mum and minimum values recorded during the 
day. 

2• 2 Relevant information ; 

- Wh at i s air temperature ? 

Air temperature is the temperature of tho 
air recorded by the thermometer exposed in a stand¬ 
ard type of screen called Stevenson screen (l'ig.2.2.1) 


- What is Stevenson screen and what are its 
functions ? 

The object of the screen is shield the thoruo 
meters from, radiation from the sun, ground and neigh¬ 
bouring obj ects»-.ard from loosing heat by radiation 
at night. The scroen also protects the thermometer 


from precipitation while at the some time allowing 


free circulation of air. It is usually made teak 
or, a similar wood in the shape of a box with levered 
sides and the bottom and double roof having 2-3 
inches air space. The shelter is painted white and i 
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usually mounted on an open wooden support, the 
floor of the screen being at 4 ft above the ground. 
The shelter is set up with door on the north side 
so thdt only minimum sunlight would entor while the 
observer is reading the instruments. 

- tfhat ie the difference between heat and 
temperature ? 

Temperature.' 19 the measure of mean kinotic 
energy per molecule of the m©looules in an object, 
while hoat is the measure of total kinotic energy 
pf ail the molecules of that object. A large object 
euy have a much lower temperature thc.n a small object 
and still have a greater ho at content by virtue of 
larger number of molecules in it. If game quantities 
of copper and water at the same initial temperatures 
are heated by 2 identical burners, the same amount 
of heat is transferred to both the materials. But 
the temperatures obtained by thorn are different. 
Copper will be at a much higher temperature than 
water and if after removing the burners, thoy are 
plaoed in contact with oach other, heat will flow 
from copper to water. Thus, heat and temperature 

1 

fire* not tho paoo. 
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- How does, heat transfer take place- between 
two bodies hav i ng different temperatures ? 

When two bodies at different temperatures 
are placed near each other, heat transfer takes 
place from the hotter body to cooler body in three 
different ways viz., conduction, convection and 
radiation. 

In the process of conduction, heat is trans¬ 
mitted through a uediun by contact of tho minute 
particles in tho medium. In convection, the trans¬ 
mission is effected by the actual notion of the 
heated materials. In radiation, heat flows in the 
fora of electromagnetic waves even if the two bodies 
are quite apart. 

- How does air temperature vary during day and 
night ? 

Tho temperature variations in tho air are 
primarily governed by solar radiation. But tho polar 
radiation is first received by earth's surface and 
energy is then transferred to the air. On accjunt 
of the same, although the maximum of selar radiation 
is reached at the noon, the maximum of P.ir tempera¬ 
ture is recorded generally between 2 and 3 -PM. 



Thereafter, air temperature decreases during night 
due to the absence of solar radiation and minimum 
temperature is reached just before the punrise 
(viz. 5-6 aM). 

- How is air temperature measured? 

Air temperature is measured by moans of a 
mercury—in-glass thermometer called the dry bulb 
thermometer which gives the instantaneous reading 
of -the air temperature. For this purpose* this 
thermometer is installed in a Stevenson screen as 
indicated earlier. Temperature should be road in 
degrees centigrade, correct to one point of decimal. 
The dry bulb thermometer is mounted vertically in¬ 
side the stevenson screen. 

- How is maximum temperature measured ? 

The maximum temperature ip measured, by means 
of maximum thermometer (Fig. 2.2.2). This is also a 
mercury-in-glass thermometer provided with a constri¬ 
ction in the capillary of the glass tube below the 
lowest graduation of the scale. This constriction 
allows the mercury to be forced, through, with rising 
temperatures but prevents it being drawn back with 
falling temperatures* provided the thermometer is 
kept at on angle of lose than. 10° from the horizontal. 



with the bulb downward®. As the temper* ture rises, 
mercury is forced through the constriction end 
stands at that level in' tho capillary. So wc are 
able to read even at a later timo the maximum temp- 
ereture attained during that tiue interval. The 

A 

thermometer is mounted horizontally in tho upper 
* 

portion of the Stevenson screen. After reading 
has been taken, maximum thermometer ip set by re¬ 
moving it from the support and holding it firmly in 
hand by the remote end from the bulb rnd swinging it 
briskly downwards* The reading of the maximum ther¬ 
mometer aftor sotting should agree with that of dry 
bulb thermometer within 0,3° 0. 

“ How is minimum temperature measured? 

Tho minimum thermometer (]?ig. 2.2.3) has 

i 

spirit as temperature ensuring fluid and is provided 
with a small dump-boll index in tho stem. This index 
is kept inside the spirit column by the surface ten¬ 
sion of the meniscus. As tho temper,'ture of tho air 
falls, the meniscus retreats towards the bulb dragg¬ 
ing with it the index, till tho minimum temperature 
is reached. As the temperature rises, the index re¬ 
mains stationary. Thus* the end of tho index farthest 
from the bulb indicates the minimum temperature re- 
c _,rded since the thermometer was last sot. To set 



the thermometer, the hulh end is tilted upwards and 
this is sufficient to cauge the index move slowly 
down the tube upto the meniscus. After setting, the 
reading of the minimum thermometer should he within 
0 .6° 0 of the dry bulh temperature. This is installed 
in a horizontal position in the lower part of the 
Stevenson screen with an inclination of 5° from the 
horizontal towards the bulh, 

- Whc.t are the me an air temperature and range 
of toajerature for a day? 

The average of the maximum and minimum tempera¬ 
tures recorded during a day is called'the noun tempera¬ 
ture of the day. The difference between the maximum 
and the minimum temperatures recorded during a day 
gives the range of temperature for tho day. I'or 
example, if maximum and minimum temperatures for a 
day are 36.5°C and 21.3°C respectively, the mean 

temperature for the day is 56,5 + 21,3 = 28.9° 0. 

2 ” 

Range of temperature for the day i s 36.5 - 21.3 = 15.2°C 
2 .2 Procautiona : 

~ Ttuko thu temperature reading as quickly as 

p 

possible, so that it is not affected by your 


presence. 
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- After tnkin.g tc^pornturo readings* index 
corrections of ,ie therdo 10 tors, obtained 
by calibration done with the strndard 
thernoaeters earlier, should oo applied. 

- Avoid parallax error while reading the 
therdo deter s . 

- After reading the theraoaeter, verify once 
agsin whether bhe whole nuaber of degrees 
has been read correctly. 

- Do not keep the door ^f the Stevenson screen 
open for a longer tiuo thfn is necessary. 

2.4 Materials required s 


i* 

Stevenson screen 

ii. 

Dry bulb 

ther_ijueter 

iii. 

Maxiaua 

thordonetor 

iv • 

Miniaun 

the.i.donet er 


2.5 Procedur e : 

- Open the Stevenson, screen. 

- Note the reading of the dry bulb therdedotor, 
correct to 0.1° 0. 

- Note the rending of the aaxiuua theraodeter 
correct to 0.1° C. 

— Set the Maxinun theriiDaoter during doming 
observations (0700 hrs local uuo.n tine) and 
record the set reading. 
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- Notu the reading of uininua t&Lip erature 
corresponding to the end of the index away 
frou the bu,lb. 

- set the nininuu thermometer during evening 
observations (1400 hrs local moan tine) end 
record the set reading. 

2.6 Observations ; 

The pupil should take and record the following 
observations in the table given below j 


Date Tine Touporatur o______ 

(1ST) Dry Maxi- ~ Mini- 


( 8 “ 


QUO 

(*o) 


mum 

(° 0 ) 


Test reading at thi 
time of setting 

Dry Maxi^ Mini 

bulb uuq UUQ 

ro) <°o) (°o) 
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2.7 Expected behaviour til outcome : 

The pupil acquires the abilities to i +— 

i 

- know about the air toaporature and. its i - 

1 

diurnal variation ; } 

j 

t 

- know about the heat transfer processes i 

1 

occurring clue to temperature changes J ! 

i 

i 

- measure dry bulb temperature, maximum | 

I 

r 

temperature and minimum temperature; and { 

i 

i 

to set the maximum and minimum thermometers. 

The teacher should evaluate the pupil for the 
above abilities, 

2.8 Queeti one t 

i. What are the three processes of heat transfer? 

ii. What is the difference between temperature 
and heat? Illustrate.. 


* 
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iii, Calculate the mean temperature and range 
jf temperature f ^r the following date *! 


M:x, lomjerature 

a) ,41.3° C 

b) 27.4° 0 


Min, Tem p erature 

24.5° 0 
21.5° 0 


iv, Why does the maximum of air temperature 
lags behind the radiation maximum? 
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2f. Activity Unit : MtiASUHilMME at HUMIDITY 

3.1 Instru ct ional objective's t 

The pupil should oe able to : 

\ 

- knew the different measures of humidity ; 

■* kn ow the calcul: tion of dew point and relative 
humidity from wet and dry bulb temperature 
'readings 5 

- know the computation of vapour pressure and 
saturation vapour pressure deficit ; 

- know the different forms of atmospheric conden¬ 
sation such as mist and fog j 

- measure wet bulb temperature. 

3 . 2 He 1 event In f or mhtl on s 

- What fire the differe nt measure^ of humidity? 

The import, nt me surog of humidity are vapour 
pressure, relative humidity and dew point temperature. 
The air contains about 78$ of Nitrogen, 20$ of Oxygon 
and many other gases including water vapour in e<_nll 
proportions. The pressure of the air is the total 
weight of all the gases on unit area. Since water 
vapour also contributes to this air pressure, the 
partial pressure due to water vapour alone is called 
'vapour pressure*. It is expressed in energy uni+s 


viz. millibars* 



tfhen air is m contact with water, water 
evaporates into fir as water vapour. As uoro and 
nore water is evaporated, amount of water vapour 
increases. However, at £Jiy particular temperature, 
there is a maximum capacity for water vapour that 
air'cun hold. At this stage, the air is said to be 

t 

saturated. The pressure exerted by water vapour 
under such a saturated condition is called saturation 
vapour pressure. i/Jhen temperature increase's value 
of saturation vapour.pressure also increases. 

The r. tie of vapour pro ssure to satur? ti on 
vapour pressure under fixed conditions of temperature 
expressed in percentage ip known as rel-tivo 

— WfWM —I — 

huuidity which is used universally as ' measure of 
humidity. 


Another aoasuro of humidity is thu dew point 
teaporaturo which is the temper, turc at which air 
would become s-turatod if cooled P .t const’nt press¬ 
ure without addition or removal of w c .ter vapour. 


Thus, thu actual vapour pressure is equal to the 
s<-.tur<-.ti,jn vapour pressure at the dew point tempera¬ 


ture. The closer the dew 
the nearer i B the t dr to 


point to air temper,atur 
the saturated condition. 


9 
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“ tfhc'.t ig wot bulb tomoemture mi how it i a 

"" 1 ' 1 * ■ ii i mm -_ -*» 

aea smrod ? 

The wet bulo toupertturo of moist r..ir at r. 
j'iven pressure r,nd teuperr.turo is tho temperature 
attained when the air is brought to saturatijn by 
evaporating water into it. The w et bulb temperature 
is measured by the wet bulb therlomoter fixed inside 
the stevengon screen. The oulb of this thermometer 
is covered oy a piece of muslin cloth which ig 
continuougly kept moist oy means of four strandg 
of cotton thread, the ends of which c .ro dipped into 
small glass vessel containing either distilled 
water or rain water, 

~ Wha t cre the o ri nciplu s of wet oulb thoraoaotor ? 

When water evaporatoo, it requires energy for 
converting water into vapour. The heat on orgy required 
for this change of state is known ag latent heat of 
vaporisation. This hu,. t energy will not cause any 
change in temperature. Intent heat of v poris=.tion 
varies from 540 to 600 calorics ior different temper.-.- 
turcg rr’.ngos for converting one gram of water int~. 
water vapour. 
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t 

In capo of w'et oulb t homo outer, when water 
evaporates from the wet bulb surface, the lrtont 
heat requirement ig dr. .wn from the oulb of the 
thermometer ,.nd &o the mercury column coue e clown 
indicu-tin^ t. reduction of toajjorc-turc. This typo 
of evaporation continues till the air just surround¬ 
ing the wet bulb becomes srturated. The fin .1 temp¬ 
erature attained is known as wot bulb temperature. 

If the air is originally s? turc.toil, evaporation can 
not occur and there is no couling. Thus, under the 
saturated conditions both the dry aid wot bulb 
ther aonutor readings would remain the same. But 
when the air becomes uore and more dry, the differ— 

, ence oetween dry end wet bulb thermometer would in¬ 
crease. Thus, tho depression of wet bulb (viz. Dry 
bulb temperature - wet oulb temperature) is a good 
measure of air humidity. 

- How are the dew point tempor, turo end relative 
humidi t y calculated from the wet oulb and dry 
bul b temperatures ? 

Prom tho dry oulb and wet oulb to ape rat ure 
readings, the dew point temperature and relative 
humidity con jq oh.te.med oy reference to Hygrometric 
taolos. If the height of the place of observation is 
legs than 1500’ (457.5 n) 1000 mb. Hygrometric tables 
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are to je used and for higher station 900 nb. 
Hygrouetric t: olos are so jo used. 

Dew point to op or,, tures .and relative huniv 
diti^s cjrroBtJ jflhaj to specif led values of dry 
and wet oulb tenderntur s ar& given in the aoove 
mentioned 'Hygroaetric t..bles' at intervals of 
0.2°G. Whilo using the tables, interpolation to 
the nearest 0.1°C has to ~>o done, whorevor necess¬ 
ary. The following exruplc would illustrate tho 
procedure. 

Bxnuj lo s Dry bulb temperature = 34.5°0 

Wot bulo toaperp.ture = 29.7°C 

a) Coaputa tion of relative hunidity 

Referring* to 1000 ab „ Hygronotnc trole, 
tho relrtivo hu-iidity v-luer of the corresponding 
temperatures cro as fol" 5Ws t 

Wot Rulb 

29.6° C 29.B° g 

Dry 34.4°G 69 70 

bulb 34-6°0 68 63 

Dor this, firstly wc hrve to interpolate 
for dry oulb temperature as follows • 

29i6°_G 29.8° 0 

34.5°0 68.5 

So, for wot bulo temperature of 29.7°C 
rol-tive humidity is 695& 


69.5 
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b) 0 o pputrti on o £ dew jj) o in t to up or ■ -t ur e 

The values from the troles arc ns follows : 


Wet julb 

29.6°0 29.8°C 

Dry- 34 .4°C 27 • 9 28.2 

oulb 34.6°0 27.8 28.1 

Interpolating for dry DulD temperatures, 

we get : 

Wot oulb 

29.6 °G 29.8 °Q 

34.5°0 27.9 28.1 


In this connection pupil should note that 
if any digit followed :oy 0.5, it should jo rounded 
to the next higher digit only whoa the digit is even, 
and when the digit is old, it roaring the gpjno. For 
instance 9.5 should oe founded off as 9 and 8.5 also 
as 9. 

So final interpolated value jf dow point 
temperature is 28.0°C for the wot oulo temperature 
of 29.7°0. 
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~ How a. re vapour jrea.c-u.rfe pad paturati o n ypjogr 
pressu r e deficit c omputed ? 

At tho outset, dew point temperature ^aould 
bo calculated from tbm Hyjroaetric tpolos following 
the above mentioned procedure. 

Since the vapour pressure is the saturation 
Vapour pressure at the dew point temperature, the 
vapour pressure can oe computed by noting iron the 
saturation vapour pressure tpolo 3.2.1, pelow, the 
value corresponding to the dew point temperature. 

3?or instance, in the amove exruplo, dew point 

temperature is 28.0°0. By referring to the correspond- 

( 

inj values in saturation vapour pressure table, wc get 
vapour pressure -s 28.4 mm of mercury. 

Saturation vapour pressure deficit is defined 
as the difference oetween the saturation vapour pre¬ 
ssure and actual vapour pressure. In the above 
example, the saturation vapour pressure deficit can 
be computed a.s follows : 

Saturation va.pour 

pressure = 41.0 am of mercury 

(Ootainv-d by referring to the saturation 

vapour pressure beble untry corresponding to dry 

oulo temperature of 34.5°C.) 

Aotuo.1 vapour pressure = 28.4 mm of mercury 

So, saturation vapour pressure 

deficit = 41.0-28.4 

= 12.6 mm of mercury 
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IftJlo 3.2.1 


Saturation vapour progpure(o) in aa of 
in terag of 00m r>ir toaperature in 
oO -ni tenthg. 


feap.°C 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 { 

5 

6.5 

6.6 

6.6 

6.7 

6.7 

6.8 

6.8 

6.9 

6.9 1 

6 

7.0 

7.1 

7.1 

7.2 

7.2 

7.3 

7.3 

7.4 

7.4 

I 

7 

7.5 

7.6 

7.6 

7.7 

7.7 

7.8 

7.8 

7.9 

7.9 

8 

8 

8.1 

8.1 

8.2 

8.2 

8.3 

8.3 

8.4 

8.4 

8.5 

3 

9 

8.6 

8.7 

8.7 

8.8 

8.9 

8.9 

9.0 

9.0 

9.1 

1 

10 

9.2 

9.3 

9.3 

9.4 

9.5 

9.5 

9.6 

9.7 

9.7 

) 

11 

9.8 

9.9 

10.0 

10.0 

10.1 

10.2 

10.2 

10.3 

10.4 

18 

12 

10.5 

40.6 

10.7 

.10.7 

10.8 

10.9 

10.9 

n.o 

11.1 

11 

13 

11.2 

11.3 

11.4 

11.5 

11.5 

11.6 

11.7 

11 .8 

11.8 

11 

14 

12.0 

12.1 

12.1 

12.2 

12.3 

12.4 

12.5 

12.5 

12.6 

1! 

15 

12.8 

12.8 

12.0 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

15 

16 

13.6 

13.7 

13.8 

13.9 

14.0 

14.1 

14.2 

14.3 

14.3 

u 

17 

14.5 

14.6 

14.7 

14.8 

14.9 

15.0 

15-1 

15.2 

15.3 

15 

18 

15.5 

15.6 

15.7 

15.8 

15.9 

16.0 

16.1 

16.2 

16.3 

11 

19 

16.5 

16.6 

16.7 

16.8 

16.9 

17.0 

17.1 

17.2 

17.3 

11 

20 

17.5 

17.7 

17.8 

17.9 

18.0 

18.1 

18.2 

18.3 

18.4 

M 

21 

18.7 

18.8 

18.9 

19.0 

19.1 

19.2 

19.3 

19.5 

19.6 

11 

22 

19.8 

19.9 

20.1 

20.2 

10.3 

20.4 

20.6 

20.7 

20.8 

28 

23 

21.1 

21.2 

21.3 

21.5 

21 .6 

21,7 

21.9 

22,0 

22.1 

22 

24 

22.4 

22.5 

22.7 

22.3 

22.9 

23.1 

23.2 

23.3 

23.5 

2J 

25 

23.8 

23.9 

24.1 

24.2 

24.3 

24.5 

24.6 

24.8 

24.9 

25 

26 

25.2 

25.4 

25.5 

25.7 

25.8 

26.0 

26.1 

26.3 

26.4 

28 

27 

26.7 

26.9 

27.1 

27.2 

27.4 

27.5 

27.7 

27.9 

23.0 

29 

23 

23.4 

28.5 

23.7 

28.9 

29.0 

29.2 

29.3 

29.5 

29.7 

21 

29 

30.1 

30.2 

30.4 

30.6 

30.7 

30.9 

31.1 

31.3 

31.5 

31 

30 

31.8 

32.0 

32.2 

32.4 

32.6 

32.8 

32.9 

33.1 

33.2 

3 
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CD l 

^1 

\A 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0,6 

0.7 

008 

QJ}' 

51 

55.7 

35.9 

34.1 

34.3 

34.5 

34.7 

34.9 

35.1 

35.3 

35.5 

32 

55.7 

35.9 

36,1 

36.3 

36.5 

36.7 

36.9 

37.1 

37.3 

37.5 

55 

57.7 

37.9 

38.2 

38.4 

38.6 

38.8 

39.0 

39.3 

39.5 

39.7 

54 

59.9 

40.1 

40.4 

40.6 

40.8 

41.0 

41.3 

41.5 

41.7 

41.9 

55 

42.2 

42.4 

42.7 

42.9 

43.1 

43.4 

43.6 

43.9 

44.1 

44.3 

56 

44.6 

44.8 

45.1 

45.3 

45.6 

45.8 

46.1 

46.3 

46.6 

46.8 

57 

47.1 

47.3 

47.6 

47.9 

49.} 

48.4 

48.6 

48,9 

49.2 

49.4 

58 

49.7 

50.0 

50.2 

50.5 

50.8 

51.1 

51.4 

51.6 

51.9 

52.2 

59 • 

52.5 

52.7 

53.0 

53.3 

53.6 

53.9 

54.2 

54.5 

54.8 

55-0 

40 

55.3 

55.6 

55.9 

56.2 

56.5 

56.8 

57.1 

57.4 

57.7 

58.1 


- What are m is t and fog? 

When there is a suspension of water vapour 
and dust particles in air, there ig atmospheric 
obscurity. If the relative humidity is less than 
70 per cent, the dust particles are dry and we call 
the phenomenon as haze. When the relative humidity 
becomes more than 70 per cent, obscurity increases 
due to condensation of water vapour into minuto 
water droplets. This is called mist. In both the 
cases of haze and mist, visibility is more than 1 km. 
which means that the objects beyond 1 km. also can 1 
be clearly seen. 




When th 0 air is further cooled find the re¬ 
lative humidity increases* mist thicJccns into fog 
ond the visibility is less than 1 km. In case of 

thiok fog the visibility is reduced to oven legs 

* 

than 200 metres. While the size of the condensed 
water droplets in case of fog varies from 1 micron 
to 10 micron, the'size of the water droplets in 
mist is less than 1 micron (1 micron = 10 m). 

3.3 Precautions s 
* . 

- Use distilled water or rain water for the 
wet bulb thermometer and keep the container 
bottle clean. 

- Cover the bulb with only ona fold of muslin 
cloth tied with 4 strands of darning cotton 
and trim off excess muslin cloth. 

- The bottle should have a smnll nock go that 
the air inside the screen may not be moist¬ 
ened by evaporation of water from tho vessel. 

- Pla.oe the bottle on one si do of the wot bulb 
awa.y from tho dry bulb and not directly bolow 
tho wet bulb. 

- Keep muslin and cotton threads clean and free 
from duet or grease. 



- Inspect wot bulb periodic ally and if the 
wet bulb develop? a white coating due to 
incrustation, of salts, clean it with a 
lemon or dilute acid. 

— Avoid parallax error while reading the thermo— 
meter and apply index correction, if any. 

3.4 Materials required s 

i. Dry bulb and wet bulb thermometers installed 
in a Stevenson screen, 

ii. Hygrometric tables, 

iii. Saturation vapour pressure table. 

3.5 Procedure j 

- Open thu Stevenson screen. 

— Note the reading of dry bulb thermo met or 
correct to 0.1°0. 

- Kote the reading of wet bulb thermometer 

correct to 0.1°0. 1 

- dead from Hygr one trie tables dew point temper¬ 
ature and relative humidity values, correspond¬ 
ing to observed dry bulb and wet bulb tempera¬ 
ture readings after carrying out necessary 
interp olation. 

- Compute vapour pressure from the dew point 
temperature obtained, by using the saturation 
vapour pressure table. 
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- Compute the saturation vapour pressure car- 
responding to the dry bulb temperature from 

the same table. 

- Calculate the saturation vapour pressure 
deficit, by the method given already, 

3.6 Observations ; 

The pupil should take and record the following J 
observations i 

- Dry bulb temperature . 

- Wet bulb temperature . 

- Vapour pressure 


Saturation vapour pressure 


Saturation vapour pressure deficit 
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5.7 Expected behavioural outgone 
The pupil acquireg the j 

- knowledge about the different measures 
of humidity ; 

- understanding about the significance 
of the wet bulb temperature ; 

- knowledge of the maintenance of wet 
bulb thermometer ; 

- ability to measure wet bulb temperature;! 

» 

» 

- ability to compute dew point temper at- ! 
ure and relative humidity from observed j; 

l 

I 

wot aJicL dry bulb temperature readings; { 

/ } 

- ability to calculate vapour pressure, j 

! 

I 

saturation vapour pressure, saturation } 

1 

I 

vapour pressure deficit values. { 

The teacher should evaluate the pupil for the 
above abilities? 

3.8 Questions ; 

i. How do you calculate relative humidity from; 
a) Dry and wet bulb thermometer readings 


Grade 
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b) Vapour pressure and saturation vapour 
pressure 


ii. Distinguish between mist, fog and hazo. 


iii. Find the dew point temperature Relative humi¬ 


dity, and Saturation vapour pressure deficit 
from the following data : 


Pry bulb temperature Wet bulb temperature 



38.6°C 
27.3°C 
21.7 C 


25.5°0 
21.7°0 
1 8 . 6°0 
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4, activity Unit : MEASdRJSiYlBlTT 01' HfliTO 

4 .1 Instructi o nal objectives ; 

The pupil should bo able to : 

- know tho instruments used to find out the 
tfind direction and wind speed? 

- determine wind direction; 

- neaeure wind speed; 

- compute the aoan daily wind speed. 

4.2 R elevant Infpraa^ion : 

- yfhrt is wind ? 

Wind is the air in horizontal notion caused 
due to differences in atmospheric pressure. Wind has 
to be specified by its direction and speed. The aove- 
nent of wind is el no st 1 rizontaL and tne vertical 
conponent is very snail, using about 1/100th of the 
horizontal. Component. So oy wind, we generally no ah 
only the horizontal component of the wind. 

- tfind ingtrumont s 

The cooaon instrument to determine wind dire¬ 
ction is wind vane (I'ig* 4*2.1)- This instruuunt indi¬ 
cate s the direction from which wind olows. It is a 
balanced lever whioh turns freely about a vertical 
axis. One end of the lever exposes a broad surface 
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to the wind, while the other ond is narrow and points 
to the direotion iron which the wind blows. This 
narrow ond is in the form of an arrow head. Under 
this movable system there ar© eight fixed rigid bars 
which are set to the eight cardinal directions - 
north, north-east, East, South-east, south, South¬ 
west, Wegt, North-west. 

The arrow head of the wind van® points to the 
direction of wind and it is to oe read from the wind 
vane to the nearest of the sixteen points of the 
c ompass. 

Wind speed is neosured oy cup counter anemo¬ 
meter (fig. 4 .2.2). This instrument consists of four 
hemispherical cups (so me tines three) fixed at the end 
of metal arms fron a central point. The cup wheel is 
pivoted at the centre to r, vertical spindle passing 
through a brass tube attached to the anemometer box. 
The cup is set in moti jn duo to the pressure differ¬ 
ence occurring oetween the two faces of the cup. The 
vertical spindle about which tho cups rotate is con¬ 
nected to a mechanical counter through a gear system 
from which the number of-rotations made by the cups i® 
a ohosen interval of time can oe counted. The counter 
ip directly caliorated in meters per second or kilo- 
no-iro e per hour. 
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In an agro—metoorological observatory , wind 
instruaonta should bo installed a t a site which is 
as open as possible. There should not be any tall 
treos or buildings ne a rby. The wind instruments are 
ingtallod on pillars so that the height of the centre 
of ane.ioaeter cup or the arrow head should be 1Q J 
(3*05 uotre s ) above the ground. The minimum exposure 
criterion for the wind instruments is that any obst¬ 
ruction should be away from the wind instruments by 
atleast 10 trues the hoight of the obstruction. 

P or the sake of maintenance, the screw cap of 
the wind vane should oe removed and a few drops of 
clock ^.il should oe put every fortnight. For anemo¬ 
meter also lubrication by clock oil should ,oc done 
ovurj week. ■ 

- How is wind direction measured at the time 
" of ob Borvati on ? 

The wind direction is read by noting the dire¬ 
ction to which Iha arrow Haaad points* The wind vane 
should oo watched for a few minutes so that the mean 
direction can oe identified. The direction should oe 
read from the wind vane to the nearest of the sixteen 
points of compass. For example if the arrow head is 
pointing towards bhe middle of the region between North 
(N) ana North-wost(iW), the direction should be read 
as North — North-west (NNW). 



j 47 i 


• is wind aoeed me asure a tfro^tlue of 

atel® Station? 

f 0 determine wind spood at the tiue of obser¬ 
vation* two successive readings of the anemometer 
should oe taken at an interval of 3 uinubds. The Oii- 
fer«W between the two readings when multiplied by 
20 wtlA give the wind speed in kilometre*s per hour 
(knph$* IS the anemometer is calibrated in kilometree, 

example* If the first on©aon<jter reading 
is and the second reading is 3955*4* the wind 

speed l# *$iven oy *. 

|0 (3955.4 - 3954.6) = ‘20 x 0*$ = 16.01^ 
<# is mom daily wind speed 

She mean daily wind speed is calculated at 
the i SjuiKT of observation viz. 7 hrs. local moan tine 
at th® agroaot oo servpt jrie s. Tho 0n.er4.OLV3ter reading 
jf 7 urg* W® of the previjus dny is subtracted froo 
7 hr#*, &MX reading ^f the current day and the differ* 
ence If divided by 24 so that mean daily wind sP 00 ^ 
in Kapfo* aah oe obtained. The following exampl 0 will 
illucttatb t&is procedure i 
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j^ioaouetor reading at iir.1 jf 17-6-82 .. 2373.3 
juaeaeueter reading at hr.1 of 16-0-32 .. 2594.7 

Difference .. 233.6 


Mean daily wind spaod on 17-6-32 is given by 



= 11.3 knph. 


4.3 Precautio ns : 

— Make sure that the wind vane novos freely 
obforo t aking the re-ding. 

— During occasions'" of light wind when wind 
vme does not respond readily, give a. slight 
turn to wind Vane by hand and allow to take 
up the direction of wind. 

— In order to verify the direction given oy the 
. wind V'uio , c cap are the s" jC with the approxi— 
nate direction determined cither oy facing 
the direction of wind or oy lotting -»f s-iall 
,o it s of pap or. 

4-4 Materials required ; 

« 

i. Cup counter anenouotor 


ii. vJind vane. 
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4,5 Procedure j 

- Watch tho -wind vrno for a. few minutes and 
identify the direction. 

- Send the direction to which tho arrowhead 
points, nearest t^ the pixteon points of 
the oo-ipase. 

- Hoto the initial reading of tho mnouoneter 
as well as the tine accurately. 

- Uote the final reading of the anemometer 
after 3 minutes. 

- Subtract tho initial reading from the final 
rending and multiply by 20 t j got tho instant¬ 
aneous wind speed rt tho time of observation 
in kmp'h. 

- Subtract the anemometer reading c at 7 hrs.LME 
(local Moan Time) of tho previous day from 
that at 7 hrp. IMP of tho observation. date 
and divide the difference oy 24* This will 
give the mean drily wind speed for the obser¬ 
vation date. 

4. 6 Observations • 

Tho pupil should take and record the following 
oosorvations t 

— tfind direction at the tiuo of obgorv:;tion. 

~ Wi#d speed at the time of observation. 
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Daily mean wind speed. 


4.7 Expected jehaviournl outgone i 


The pupil acquires the -t ' -_ 

' Srpde 

< w ! ^p. ■ . I . I — 

f 

f..- fadilisrity wl<th wind instruments,; 1 

1 

1 

- ability of determining the wind, direct- \ 

I 

ion at the time of ooserration ; j 

* 1 I 

l 

- ability to find out the wind speed at } 

. • . < o-vo * • / 

the time of oogorvation ; { 

., i 

* ■* C i ’ „/ f 

- knowledge of the method of computation } 

• t , * • , I 

1 *' of daily One ah wind speed. ‘ i 

I 

i 

The teacher dnould evaluate the pupil for thp 


above abilities. 


4.8 Que stion s s 

i. How is the wind .irection determined 
correct t3 the sixteen points of compass? 


ii. Describe a. cup counter anemometer. 
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iii. Calculate the wind speed at the tino of 

GOs®ovation and the m^an daily wind speed 
on 5-6-32 with the following data, from cu,p 
counter anemometer s 


Date 

Time 

Reading 

4-6-32 

0710 hrs. 1ST. 

2353.9 


0713 hrs. 1ST. 

2359.4 

$-6-82 

0710 hrs. 1ST. 

2503.1 
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Activit y Unit 


S MSASUxLSi'lKtfa) Ojb SUNSHINE 

/ aT D cloud amount 

5„'1 Ins tructional ob.iactives : 

Thu pupil siijul L be able# to : 4 . 

- know the iL.iportrn.co of sunshine nncl oloud 
Irtr f or agriciuilture • 

- noneuxo dprly hours Jf sunshine with the 
help of a sunshine recorder ; 

- cstiuato cloud amount. 

5 • 2 Holey mt Infori.ir.tion : 

ii 

- tfhat is the importance of sunshine end cloud 
clots for ngrisault ural purposes? 

- Crops obtain energy necessary fer life directly 
from sunlight. They cinvert solrr energy into ohouionl 
energy during the procer of photogynth sis. Large 
amounts of energy arc p.lpo require! during the process 
of tranrpirati >n j f crops: Th*go -re also derived from 
the solrr energy. cin.ee tho recording j £ solrr radia- 
tion requires advanced instrumentation guch as pyrmo¬ 
no tor and jj otontr one brie recorder etc which aro not 
generally available at n-ny stations? the collection 
of sunshine data? with tho help of sunshine recorder 
would no essential. It is possible to g gtiurto solar 
radiation. froa the sunshine data. 
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Even if iiio sunshine recorder is not avpil- 
it is possible t j estimate s dnr radiation 
froa the cloud amount data recorded during different 
tiaos of observations. 

- What is the method of measuring sunshine? 

Che sunshine is measured oy moms of the 
Campbell - Stoke g sunshine recorder (Fid'. 5.2.1). 

This consists ef a glass sphere of 10 on diameter, 
mounted concentrically in a section of spherical 
oowl, the diameter of which is such that the pua's 
rays are fjeussed sharply on a card (Fig. 5.2.1a) 
held in the grooves cut into the Oowl. There are 
tnree overlapping pairs of grooves each to take 
cards suitaolo in shape f jt different seasons of 
the year. The sunshine ree order is installed on a 
masonry pillar of 5' or 10*. There should not be 
my oh struct! on having an elevation of 3° above 
the horizon. 

Throe typos of cards namely the short curved 
cards from October to February, the long curved cards 
from April to Septouoer and straight cards for other 
seasons are used. While inserting the new sunshine 
card, its 12 hr lines should oe adjusted to coincide 
with tiie noon line engraved on the loowl and the 
clamping screw should oe tightened. The card is 
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suodivided into hourly intervale. As the sun move B 
across the sky, its focussed image^burns a trace on 
the card, so that by measuring the trace for the 
whole day, the duration of sunshine during the day 
can be accurately recorded. Por this purpose a 
special plastic scale i B provided in which the sub¬ 
divisions of the hour is also marked. 3y keeping 
the plastic seal© on the trace, the total duration 
of the intermittent burns of the card within an 
hour can be added up and thus the total duration of 
sunshine can oe obtained correct to 0.1 of an hour. 

The hours marked in the sunshine card refers to 
local mean time (L.M.T.) of the station. Thus 
sunshine is measured in number of hours por day. 

Por each day 1 e observation, sunshine cards should 
be inserted in the recorder before sunshine and re¬ 
moved after sunset. 

— How is the cloud amount estimated ? 

dJhe international unit for estimating the 
cloud amount is the "Okta” or eighth of the sky. 

The assessment of the total amount of cloud therefore 
consists in estimating how much of the total apparent 
area of the sky, to the nearest eighth, is covered 
with cloud. Por this purpose, the pupil should observe 
the sky and imagine it to be divided into four quadrant 
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J 3 y imagining tho clouds that are scattered in differ¬ 
ent parts of the shy to be put together, he should 
estimate how many quadrants the total oloud occupies. 
The amount of cloud is to bo taken as 'Zero' only if 
the sky is completely cloudless and '.blight' when, tho 
sky is completely overcast without gaps of any kind, 

f t i * 

5.3 Precaution s i, 

-j D6 not clean the glass bowl of the sunshine 
, recorder with any clo'th or notorial which 

may abrade the surface. jivoid 'bxce'ssive vig- 
i our in polishing. 

- jiSmoVe immediately any deposit such as daw, 
frost, snow or bird dropping* 

- If the trace i r g not parallel to thvj central 
line of the card,'or if'tho intensity of tho 
tr^ee is too high or too low, carry out 
levelling and other adjustments of tho recorder, 

- 'Use the' sunshine cards appropriate to the 

seasons* 

- While estimating tho cloud acioung, give 
equal weight age to the clouds near -the hori¬ 
zon as well ns those close to, tho zenith. 

5*4 M aterials r equir ed : 

i. Campbell gtokes sunshine recorder, 
il* Sunshine cards 

iii. Special plastic scale for measuring sunshine 
in fractions of hour. 
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5.5 Procedure ; 

Select the appropriate new card correspond¬ 
ing to the season concerned. 

- Insert the now sunshine card in the appropri¬ 
ate groove of the recorder and adjust it so 
that its 12 hr line coincides with the noon 
mark engraved on the howl. 

- jAemovo the burnt Card in the evening after 
sunset and ©ark 'the date of observation on 
the reverse of the card. 

- ‘.Tabulate tho amount of sunshine recorder 
during oaoh hour of tho -day from sunrise to 
sunset usiEki tiae special plastic scale* 

- Add up tho values for all the hours and 
determine the total duration of sunshine 
hours for tho day* 

- Observe tho sky from a location in which the 
widest possiblo view of the sky can bl¬ 
ob tainod. 

- Estimate the total amount of clouns in the 
sky in Oktas* 

5.6 Observations • 

The pupil should take and note down the following 
observations s 

- Duration of sunshine during e a ch hour of the day. 
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- The total cloud amount in Oktas at the 
tide of observation. 


5 • 7 Expected behavioural outcome : 

The pupil acquires the j 

- knowledge of the importance of sunshine 
and cloud data in agriculture $ 

- ability to measure daily hours of sun¬ 
shine ; 

- ability to estimate the cloud amount 
in Oktas. 


The teacher should evaluate the pupil for the 
above abilities, 

5.3 Question s ; 

i. (rive two processes in agriculture in which 
use of solar energy i s important. 


Grade 


ii. In the absence of solar radiation drta, 
from which factors it can be estimated? 
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iii* 4hat are the different typ«p of cards «, 

■» 

used for tho sunshine recorder? 


iv. iSgtiaatc the daily hours of sunshine fron 
the given cards. 

(For this, the teacher should provide the 
pupil with cards showing typical traces of 
cloudy days and clear days). 




6. activity Unit : MEASUREMENT OF EVAPORATION 

6.1 Instructional Ob;ject.ives ; 

The pupil should be able to j 

- know the meteorological factors that influence 
the water loss by evaporation? 

- measure evaporation by means of pan evapo rime ter 

6.2 Relevant In f ormation : 

- '^hat ig e v aporation and what are the factors 
that influence it? 

Evaporation is one of the important aspects of 
the hydrologic cycle by which water from the earth's 
surface is fcrahsferred to the atmosphere in the form of 
water vapour. Measurement of evaporation is of groat 
importance in agricultural and hydrometeorological 
studios. The rate of evaporation is defined as the 
mmount of water lost by evaporation from a unit area 
of a surface in unit time and is oppressed in depth 
units (nm/day) Just like rpjLnf&ll. 

Evaporation is dependant on a number of fact¬ 
ors such as (a) total radiation, (b) temperature of 
the evaporating surface and that of air, (c) wind speed, 
(d) vapour deficit, (e) nature of surface etc. 

— Doscription of pan evaporimetor 

Evaporation is me .sured by means of Tan ova— 
porijaoter (Fig. 6,2.1.). The Class 'A' pan evnp crime ter 



which is commonly us®d ia India? congiets of a 
lai*g e cylindrical pan made of copper with 120 cm 
diameter and 25 cm depth. The paa is made of 20 
gauge copper sheet tiaaed iasidc aad painted white 
outside. A still well is provided inside the pan 
so that, there would be undisturbed water surface 
inside that well and ripples would ho broken. It 
consists of a brass cylinder mounted on a hoavy 
circular base provided with three circular holes at 
the bottom, The reference point is provided by a 
brass rjd fixed at the centre of the still well. 

The top of the rod tapers to a point and 
is exactly 190 mm above the base of the pan* The 
pan is filled up with clean water till the wator 
level just touches the tip of tho rod. The pan rost 
on a white painted wooden stand so that tho bottom 
of the pan would bo above tho surface of water in 
rainy weather. The pan is provided with a standard 
wire mesh to prevent tho loss of water from tho pan 
by external agencies such as birds? animals etc. 

Tho Water temperature of tho pan is measured by 
means of a thermometer which is just iuuergod below 
the water level in tho pan. 
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For measuring evaporation a graduated meas¬ 
uring cylinder (Fig. 6.2.2) made of bra SS i s aL so 
provided with the instrument. It has a scale 0-20 
cm, engraved inside it along its height. The cross 
sectional area of the measuring cylinder is exactly 
1/ 100th of the area of tho pan. The ovaporinoter 
should bo installed at an open site with no obstruct-* 
ion casting shadow on the pan. The site should bo 
free from flooding or water logging even during heavy 
rains- The pan. should bo placed on the wooden grill 
kept on a firm foundation so that the edge of oho 
x -an is at lwvel and ig exactly at 36 cm above the 
ground. 

” dow_daily evapora tion is measured ? 

The obgervati jns of evaporation should be 
made daily at 0330 hrs 1ST. Initially the water is 
filled up to the fixed point tip. Duo to evaporation, 
the water levo3. will normally bo bo low the tip of the 
rod nb the time of oogervation. Then add water to 
the evap oriuoter using the measuring cylinder till 
the water level once again coincides with the tip 
of the reference point. In the measuring cylinder 
the graduation runs frum top to bottom. Hence the 
amount of water added, which is equal to the evapora¬ 
tion that has occurred during the a ay can bo directly 



measured. For example , if three full cylinders 

of water and 4 cm of water viz. 64 on has loo on 

added to bring the water level to the reference 

point, the actual evaporation cah be ( determined 

by dividing the amount of water added, by 100, since 

the area of the pan is 100 tines that of the area 

of the measuring cylinder. Thus? the evaporation 

during day is 6 4 on = 6.4 nn. The evaporation should 
100 

be recorded correct to 0.1 no. In cas G the evapora¬ 
tion observation has boon taken during 1400 hrs L.M.T, 
(II hour) of the previous day, the evaporation 
recorded during that hour should be added to the 
evaporation reading at 0830 hrs 1ST ~>f date (which 
represents evaporation fron 1400 hrs IMP of the pre¬ 
vious day to 0830 hrs 1ST of the day) so that wo 
can got the total daily evaporation for 24 hrs ending 
0830 hrs IS'P of the day. 

If rainfall has occurred after the previous 
obBervation and that rainfall has excluded evapora- 
tim during that period, water has to bo removed 
fron the pan till the water level roaches the re¬ 
ference level indicated by the tip of the rod. 
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If tub rainfall that has occurred during 
the period is less then the evaporation, sLight 
water has to be added to tho pen to bring it to the 
reference level. But, while calculating the total 
evaporation, not only the water added, hut the rain¬ 
fall that has occurred should bo taken inti account. 

'J)he following examples would illustrate these 
procedures i 

id Water added at 0830 hre 1ST on 4-11-1982 
to oring tho water level to tho roforonce 
p~int is 51 Cu. Rainfall fron 0850 hrs 
1ST >n 3-H-1982 to 0830 hrs 1ST on 4-11-82 
is Nil. 

JSvc.poration ;n 4-11--82 = - 5.1 ti.n. 

ii. Water removed at 0830 hrs 1ST of 10^7-82 
= 64 Oil. 'This amounts to a change in water 
level of 6.4 on. The rainfall recorded at 
0330 hrs 1ST of 10-7-82 is 8.4 on. Had 
there boon n-< rain, the level would have 
risen by 8.4 mu. Se the evaporation for 
the day is 


8.4 


6.4 


2.0 mm. 
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iii« The water added at 0830 hrs on 5-6-82 
is 23 cn. This aaouats to a change in 
water level of 2.3 m. If the rainfall 
recorded at 0830 hrs 1ST on 5-6-82 is 
1.6 nu, the actual evaporation is equivalent 

i 

to tho suu of rainfall and tho dccroaso in 
water level. So the evaporation for the 
day = 

2.3 + 1.6 = 3.9 on. 

6.3 Precautions J 

- Inspect tho pan periodically for leaks* 

- Check periodically and ensure that the wooden 
platform and the bottom of the tank are 
perfectly horizontal and the height of the 
riu is 36 cd above the ground level. 

- Clean the pan atleast every fortnight and 
fill it up with fresh water. 

- When there is a likelihood of heavy rain 
which aay cause overflowing of the pan, re¬ 
move enough water and make entries regarding 
the same in the observation book. 

- Paint the outside of the pan with white paint 
and do tinning inside once every year. 
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- TJstf vp.tur that has boon stored in a reser¬ 
voir for refilling so that its tanperaturo 
will be sr-JQ as 'chut jf the pan, 

6*4 Materials required j 

i* Class '-A 1 Pan Gvo.poriuoter 

ii. Still well 

iii. louden fraue 

iv. Measuring cylinder 

6,5 P rooo luro s 

- Hote the water toaporoturo correct to 0.1°0. 

- fTotc the water level in the still well of 

tho pan. 

— Xf tho water lovol ig below the tip of tho 
rod add sufficient water slowly with tho 
help of the aoasuring cylinder, go thp.t the 
Water level again coincides with the refer¬ 
ence lovol* 

- Hoto the mount of water added by taking into 
account the nuubor of cylinders of water 
added and parts there of. 

— Divide the mount of water (which is aeaeured 
in oj) by 100 and record the quotient as the 
evaporation (in nu) fior the 24 hrg ending at 
0830 hr s I SI of the day. 
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- If rainfall has occurred during 24 hrg 
ending 0830 hrs IS! and still the water 
level has fallen below the reference point 
and water has to oo added to bring the 
water level to the reference level, mo 
equivalent of this amount of water should 
be added to the rainfall anjunt in nu to 
got the total evaporation for the day. 

- If, however, the rainfall has been heavy 
and the water level has gone above the re¬ 
ference point at the time of observation, 
reuovo water with the help of the measuring 
cylinder, in order t'"> bring the water level 
back to the reference point. Subtract from 
the rainfall the mu equivalent of the ro+ 
moved water in order to get tho total eva¬ 
poration for the day. 

6.6 Observations s 

The pupil should take and record the follow¬ 
ing observations i 

- Te iporaturo of water in the pan. 



- juount of Water added or removed to bring 
back the water level to the reference point, 

- Amount of rainfall during the past 24 In's, 

6.7 Expected behav io ural ou tcome : 

The pupil acquires the i ___ 

] Grade 

- knowledge of the meteorological fretorg *f—- 

f 

I 

that influence water loss by evapora- } 

j 

tion; { 

j 

i 

- ability to measure evaporation iron j 

i 

r 

Class 'A 1 Pan evapor&ieter during rainy { 

i 

and non-rainy days. ! 

I 

The tocher should evaluate the pupil for 
the aoove abilities. 

6.8 Questions : 

i. tfhat are the various meteorological factors 


that influence evaporation? 




i <8 


t 


ii. What is the difference in procedure to 
measure evaporation on rainy end non- 
rainy days? 


iii. Calculate the Pan evaporation with the 
following data : 

a) Water added - 48 cq 

Rainwn.il for the past 24 hrs - Nil 

b) Water added - 21 on 

Rainfall for tho past 24 hrg - 5.5 na 

c) Water removed - 141 cn 

Rainfall for the past 24 hrs - 16.7 mu 
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7* _&ctivi by U nit 3 tt'a*ioUcCbllbhi‘ Oi 1 Dul'. 

7.1 Instruction al n l 3 _■•iv'- p 

The pupix should be pblo to » 

know the netoorulocpLCal conditions under 
which dev ana frct-fc occur racl their signi- 

1 

fic one u in afii’ic 01 b ur e ? 

- oe&suoo dow with the hwlp of DUV-DEVANI dw 

IsSiU^O » 

7.2 j&e levant Inf ormat ion i 

" Ho w dew is fornefl and what rxo the meteorolo ¬ 
g ical condit i ons rssocirted with the format¬ 
ion of do w? 

On r. clear ni^ht, the ground temperature fells 
because of it.s c jntfcinuous loss of ho^t by long-wave 
radiation. The pj_r in contact with earth's surface 
is cnillod and when cho Dc.uporp.ture falls below the 
dew point temper-»turo(Soo activity Unit-3) of the air, 
dew is deposited. Dew is an iuportant source of soil 
moisture during nan-rainj eoaeons especially in arid 
reruns. The bare soil cools more slowly than 
vegetation oocp.uso of th> j upw-rd flow of heat from 
beipw in ca&e of bare soil and the cxistoneo of 
thermal insulation b,y air within the- crop canopy. 
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Thus* dew forms norc on the vegetation than on the 
here ©oil. Dew foruatio. would be more on calm. or 
light windy days when the nixing of air would bo 
minimum. The favourable meteorological conditions 
for the dew foraation arc ae follows : 

a) Clear night sky (to allow maximum loss by 
long-wave radiation). 

b) Moist air from sun set onwards (jlolr.tivo 
huuidity greater than 75 fi ). 

c) Cola or li^ht winds. 

- rnfhat is frost and how it is formed? 

explained under dew, on clear nights with 

calu or light win-s» tho air nerr the ground c jjIs. 

If this cooling is rapid and condensation tn.kos place 
o 

below 0 C, frost forms. Under such conditions, the 
moisture changes frou valour state directly to ice 
state. This generally forms during winter when cold 
waves occur. This is a hazard for agricultural and 
horticultural crops. 

- How is _ dew measured ? 

Dew is measured oy Duv Devani dew gauge 
CS'ig. 7.2.1). This consists of a rectangular wooden 
block {52 cm x 5 cm x 2.5 cm) c oatod with red paint 
which favours retention of dew deposits on it. 
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The dew ge-uge is exposed in the open on stands at 
/ 

aoout sunset. In the early noming, just at the tine 
of sunrise, the dow fornod on the gauge is observed 
and coupared with c. sot of photographs which represent 
different dow ©calos and the actual dew scales for* the 
day is dotoriiined. The water equivalents in nu of 
these dew scales vary fron 0.02 no for dew scale 

i 

No.1 to 0.35 nu for dew scale $ 0 , 8 . Thus, knowing 
the dow scale nuooer it is possible tj ueasure dew. 

In ord&r to ueasure the d^w for nation at different 
heights? the daw gauges are fixed on stands at 
heights of 5, 25, 50, 100 cn abovo ground. There 
are also patterns in tho dew aloun.. for tho occurr- 

-w 

enco of dew and rain and rain only. 

7. 3 Precautions • 

- Do net touch the surface of dew gauge with 
grea B e jr dusty fingers. 

- Aft or taking the dew observation, koep the 
dew ^auge inside. Otherwise tho sunlight , 
will danago the sensitive surface of the 
dew gauge. 

- After recording the observations, do not 
wipe off the water deposits out ronove by 
swinging. 



7.4 Materials required 


i, Duv Dovp.ni dow - 0 ruge 

ii. Iron stand for dew gauge 

iii. Dew Alouo 

7.5 Procedure : 

- Expose the dow gauge in tho open on the 
stand after sunset. 

4 

- Observe the pattern of dow on tho dew gauge 
at about the time of sunrise. 

- Compare the dow pattern with the photographs 
. m tho clew album and select the photograph 

which closely regencies tho observed dow 
pattern. 

- Note tho dow scale number of tho photograph 
selected and enter the water equivalent (in on) 
as dew. 

7.6 Oojervabions s 

Tho pupil should take and record tho following 
ub servntions : 

- JUiount of clow deposited at different heights 
above the ground. 
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7.7 E xacted oehnvioural outcome s 
The jjuipil acquires the s 


- knowledge of the favourable weather 
conditions for the for oat ion of dew 
and frost; 

- ability to measure dew by the Duv 



Devani dew ^ruge. | 

tm _- 

The torcher should evaluate the pupil for 


the above abilities. 


7.8 Questions i 

i. Whr„t arc the meteorolojical conditions that 
favour dew formation? 


ii. How does frogt occur? 


iii. Give the significance of dow and frost in 
agriculture? 





8 . a ctivity Unit : MBASUHjMEjST OF SOIL TJSMpaJiAlUKS 

8 . 1 Instructional Objectives s 

The pupil should be able to s 

, - know the importance of soil temperature in 

crop growth? 

- noasure soil.-tenper,aturo - i!. 

* at different depths of Ihe soil. 

8.2 Jjelevr.nt Inforaation i 

- What is the importance of soil temperature 
in crop growth? 

The surface of Ihe earth gets heated up during 
the day and &ets cooled during the night causing 
diurnal changes in the tup layers of' the soil. The 
crops have their root systems in these layers and ext¬ 
ract plant nutrients and water from these layers. 

Since the heat regimes of -these layers are govorned 
by the s^il teuporatures, the measurement- of soil 
temperature becomes extremely important. During crop 
germination also soil temp or aturms play a vital role. 

Tho _oisiure movement in Vapour phase is 
mostly governed by tho temperature gradients in soil, 
ihe condensation of the water vapour in the air in the 
form of dew or frost also occurs due to tho excessive 
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cooling of the earth surfo.ce due to emission of 
long-wave radiation by it. Thus, knowledge of soil 
temperatures is extremely important. 

- How is soil temperature measured ? 

The soil temperature is measured by soil 

>X' t 

thermometers (Fig. 8.2.1). These are marcury-in-gl a g fl . 
thormometers of the enclosed scale type. There i B 
a oend of 120° just above the bulb, the rest of the 
stom oeing straight, so that when the soil thermo¬ 
meter are instpiled at a particular depth of the 
soil, the oulb rests horizpntally. The inclination 
of the stem at 120° also facilitates the reading of 
the scale. In thoso thermometers there are gradua¬ 
tions for every degree centigrade and the graduations 
oegin from the distance of 6.5 cm, 17.5 cm and 35.0 cn 
from the oulb for the 5, 15 and 30 ems depth soil 
thermometers respectively. To support the thermometers 
at the correct inclinrtions iron stands with sloping 
sides at 60° to the ground surfa.ee are provided. The 
soil thermometers are installed at a site in the obser¬ 
vatory which is sufficiently away from obstructions 
and is free from'water logging during the rainy season, 
Qare dnould also bo taken to remove the soil layer 
by layer and later replace -the same in order, during 
installation of the soil thermometers. 
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The soil temperatures should oe read daily 
at 0700 hrs and 1400 hrg local Mean Tine (1MT) 
correct to 0.1°C, in the order 5, 15 and 30 on depths. 

8.3 Pre ca utions : 

a 

- At the tine of observations, sit suffici¬ 
ently away iron the soil thermometer so 

that no shadow would oe cast near the thermo¬ 
meter. 

- Avoid parallax error wh,ile reading oy keep¬ 

ing the line joining the eye of the observer 
and the top of the mercury column at right 
angles to the thermometer. \ 

- If rain Water gets collected in the soil 
temperature plot, remove the same by digging 
drainage channels all around the plot. 

8.4 Material s required s 

i. Soil thermometers for 5 cn, 15 cm and 30 cm 
depth. 

ii. Iron stands for installing the thermometers. 

8.5 Procedure : . 

- Install the thornoneters with the help of iron 
stands as discussed in para 8.2. 
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- Jiep.d correct tj 0.1 G soil temperature a t 
0700 hrs and 1400 hrs Local Moan line (Lmt) 
in the order of 5, 15 and JO on depths. 

8.6 Observ ations s 

The pupil should tnjco and'’record the follow¬ 
ing ooservations s 

i 

- Soil temperatures at 5 , 15 and JO cm depths 
in -the morninj at 0700 hrs and 1400 hrg LME. 


8.7 Expected behavioural outoouo : 
The pupil acquires tho : 



- knowledge of the significance of { 

i 

soil temperature in agriculture; j 

- ability to measure the soil tempera- j 

i 

turo at different depths# 1 


The teacher should evaluate the pupil for 


the above abilities. 
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8.8 Questions s 

i. Why is soil temperature important during 

crop germination and oxtraction of nutri- 

/ 

ents and -waiter jy plants? 


ii. How are soil thermometers installed? 


iii. During "the noon hours, will the air temp¬ 
erature ho higher than soil surface temp¬ 
erature? Explain the reason. 




9. 


Activity Unit 


RSTINUIIOH OF EVAPCTII&NSFHU1ION 


9• 1 Instructional objectives : 

The pupil should be able to s 

- know what is mo ant by evapotranspiration 
an<ji how it is determined; 

- osenate crop ovapotranspiration from Pan 
evaocE-ation values at different stages of 
crop growth; 

- determine total water use of the crop for 
the fhole crop season. 

9 . 2 Relevant Information s 

- What :g evapotranspiration? How it depends 
on orci. s oi l and atmospheric factors ? 

The ev;potranspiration is the combined loss 
of water from tfc* cropped field due to transpiration 
from crops and evaporation from the intervening soil 
surface. At the -me of germination, the evaporation 
component predojiiate B . As the crjp grows in height 
and ground is shad-d, evaporation from soil decreases 
and transpiration ?, B e B progressively with increase 
in leaf area till t.o whole surface is effectively 
covered by the crop Transpiration is ingensitivo 
to further leaf development and is maintained at a 
high level when plan is actively growing. This period 
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varies with. the growth characteristics of the parti¬ 
cular crop. It decreases cp the plant natures* 
another important effect of crop is that as the roots 
develop the crop has access to increasing volune of 
soil water. The most important factor however, i B 
the available soil noisture status. As the soil noi s - 

f 

ture decreases progressively from the- field capacity, 

the evapotranspiration $lso decroas e s and rapidly go 

after certain available noisture level. In addition 

to these crop and soil factors? evapotranspiration is 

§ 

also dependent on the atmospheric factors such as 
saturation, vapour pressure deficit, wind speed and 
net radiation. 

- Wha. t is po t ential, ovaPofransoire,tion? 

Computation of evapo transpiration, as explained 
above, is complicated i view of the sopo being depend¬ 
ent on fluctuating plant physiological, soil physical 
and atmospheric parameters. In order to simplify the 
sane the concept of potential evapotranspiration was 
evolved by Ihornthwaito and Penman. Potential evapot- 
rnnspiration is defined as the water loss thpt will 
occur if there ig no deficiency of water in the soil 
for the use of vegetation at any time of its growth. 



' - What are tho coupon gothod s of determining 

the evapotranejirati on? 

The evapo transpiration of the crop is measured 
by means of weighing type of lysiueters. It can. also 
be estimated by the following climatological met hod si 

i. Determination of potential evapotranspiration 
by Penman's method by assuming an albedo value 
appropriate to the crop, 

ii. Climatological wator balance approach using 
appropriate patterns of soil uoisturo deple¬ 
tion. 

iii. _Blaney-criddle uethod. 

iv. Pan evaporation aethod. 

Of the above four aothods» the last aothod is 
coaparctively easy to handle and makes use of the pan 
evaporation values recorded at tho actual crop field 
itself. Hence this aethod ig Useful and the sane has 
been elaborated below, 

- How is evapotranspiration determined? 

Hvapotrni-spiration of crop (Et) is obtained 

from class A Pan evaporation (E) values (So a Activity 

Unit-6) by multiplying the sane by the crop coefficient 

(kc) as i>er th^ following formula, s 

Et = £c.E. 

whore : Et and E are measured in nn per day. 
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The crop coefficients depend on the foligg 0 
characteristics of tho crop, stage of growth, clia a fy ' 
and geographical location. A few crop coefficient 
Values in rospect of $c..e inportant crops is given 
in Table 9.2.1. Tho following axanple would clarify 
the calculation of evapotranspiration by this aethod, 
Calculation, of evapotranspirati on of wheat 

The total growing season of 120 days is divided 

b 

into 10 e^ual parts of 12 days each, lot u s aseuue the 

following are the aean daily pan evaporation (E) for 

■ 

the ten sub periods. The crop coefficients Uc) are 
taken fron Table 9.2.1. For those sub periods and 
evapotranspiretion calculr.toj by E x JCc for each of the 
sub periods as follows. The total water use is ootalned 
by adding fit values for all the sub periods which are 
conputod by dultiplying by naan Et value and the 
nunber of days in the sub period viz, 12 clays. 



Sub 

period 

Mean B 
(mu/day) 

lo 

Mean Bt 
(in/day) 

Total Bt 
for 1,2 Dl 
poriod(l2 
days) (on) 

1 

3.1 

0.18 

0.56 

6.72 

2 

2.9 ' 

0.34 

0.98 

. 11.76 

3 

2.8 

0.57 

1.60 

19.20 

4 

2.7 

0.80 

2.16 

25.92 

5 

2.6 

0.90 

2.34 

28.08 

J 

6 

2.8 

0.90 

2,52 

30.24 

7 

3.0 

0.86 

2.58 

30.96 

8 

3.2 

0.80 

">56 

30.72 

9 

3.6 

0.71 

VO 

LTV 

m 

CM 

30.72 

10 

4.0 

0.58 

2.32 

27.84 


242.16 


Total wator 

us e (m) 








Tablo 9.2.1. Crop factors to deters&ins evapotranspira 
tion frocr clp.ss A pan "evaporation data. 


Stage of crop 
growth (in # 
of crop grow¬ 
ing season) 

vfhsat 

, ™ mUmm mmmim — . —, 

Sorghum 

Maize* 

Cotton 

Rice 

Grout 

nut] 

Or 10 

0.18 

0.44 

0.43 

0.22 

1.02 

0.31 

10-20 

0.24 

0.48 

0.55 

0.24 

1.05 

0.3i 

20-30 

0.57 

0.53 

0.74 

0.40 

1.09 

3.5 

30-40 

0.80 

0.60 

0.95 

0.78 

1.13 

0.6 

40+50 

0.90 

0.71 

1.07 

1.02 

1.18 

0.8 

50r60 

0.90 

i 0.91 

1.10 

1.08, 

1.21 

3.9 

60-70 

0,36 

1.06 

1.09 

1.04 

1.22 

0.9 

70-30 

0.80 

1.03 

1.04 

0.93 

1.19 

3.9 

30-90 

0.71 

0.98 

0.95 

3.73 

1.10 

3.' 

90-100 

0.53 

0.31 

0.80 

3.51 

0.95 

0.1 


.Adapted from the Report by tfater Manageucnt Division, 
Departacnt of Agri. and Irrigation, (k>vt. of India, 1971. 

9.3 Precautions : 

- Us© proper crop coefficient applicable to the 
crop. 

- Oar© should bo takon while calculating the 

' mean evaporation for different stages of the 
crop growing season. 
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9.4 Materials' required : 

i. Daily Pan evaporation values from Activity 
Unit-6. 

ii. Crop coefficients for the different stages 
of the growing season of the crop concerned. 

9.5 Procedure : 

— Divide the total growing season of the crop 
into ten equal periods. 

- Compute no ah pan evaporation (ii) (in nn/day) 
by averaging daily values for the period. 

- Pick up the appropriate crop coefficient 
(]£c) from fable 9.2,1, 

- Calculate evapotranspiration (.lit) for each 

of the ten periods by multiplying pan eva¬ 
poration value and crop coefficient (i.e. 
by the fornula iit = Kc.E.). 

- Compute total water use of iho crop during 
the whole growing season by adding all the 
Et values of the ten periods. 

9.6 Observati 3ns • 

The pupil should take and record the following 
observations i 

Daily pr,n evaporation values* 



Crop coefficients appropriate to the 
different cr^p growth stages. 


9.7 Calcu lations i 

The pupil should use the observations and 
follow the steps given in the procedure above for 
the purposes of calculating evapotranspiration and 
conputing total water use of the crop. 


9.8 


Expected behavioural out cone : 

The pupil acquires tho j 

T" 

f 

I 

1. 

r 

- knowledge of tho concoct of cvapot-, f 

i 

i 

ranepiration and various uethode J 

i 

r 

of determining thu sane ; } 

i 

t 

- ability to ostiaatc crop evapotransf- 

i 

i 

piration at different stages of the{ 

i 

i 

growing season ; j 

i 

- ability to conputo total crop water) 

J 

I 

use for tho whole growing season, j. 


Grade 


Tho toacher should evaluate the pupil for 


the above abilities 
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9.9 Questions s 

i, What )?xe the various crop, soil and r.tuos- 
pheric factors that are related to evapot- 
ranspiration? 


ii. What are tho four standard nethods of ddter 
Liming evapotranspiration? 


I 

I 


iii. Compute vvapotranspiration for the following 
data i 

Mean Pan evaporation Crop coefficient 

a) 5.6 nn/day .. 0.94 

b) 7.1 uu/dny .. 0.81 


c) 5,5 nu/day 


1.16 






iv, How is the crop water nse for the 
whole season determined? 
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Dear Seacher/Pupil, 

are happy to place this Instructional-cun- 
Practical Manual at your disposal with tho hope that 
it will help y^u conduct sone of the practical works 
prascribed in the syllabus or practices necessary to 
j,ain thorough vocational expertise. 

I he Manual does not conf jrn to syllabus of any 
particular stp.te but includes uost of tho inportant 
activities coionon in syllabi of different states* 

This is on oxperiuontol edition with ooplo scope 
for further inprovenent through feed-back from you. 

We golicite your active co-operati m for the iuprove- 
uent of the Manual. 

lifter having used the Manual for a year or noro, 

kindly read the appended questionnaire carefully and 

write down bhe answers precisely and exactly to-tho- 

point. Use additional shoot of paper if the sps.ee 

provided for is insufficient. Sold tho questionnaire 

accurately and nail it to the following address * 

Dr. A.j£. Sacheti, 

' Pro^ranuo Coordinator, 

Vocationaliaatijn of Education Unit, 
National Council of educational 
ftosearch and Training, 

Sri ^urooindo Mar < 3 , 

NEW DULHI i 110016. 
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- QUf£ f JXOMAlRi j M Ta il T BJ2L&S 

i * «t « m 4 ' 1 | I 

^ * " w ‘ ‘ fv 

iisTAraiOi^-ou^^oTio^ >kuto*e *o3fy ^ 


4* UomO of tilt Teacher 
(in block letters) 



ifqiie & j^ostpl addro ss J 
oi" thtf. Ihgti'frftion [ t' - 

»* A ‘i; 4 *. j »; 41 ^ ■ 1 



0. i) Qualification_,__ 

.•ii)^ Teach;in^ Experience 

J iii) Professional or' 

Pi eld jflxperience _ 


1» Do the activities covered in the Manuel 

develop vocational expertise in the pupils? 

1 ' u r « » ' • 

“* » f 

4 ^ 

, „ , . . % 

, J \ 

Teg /So 

2. List the activities included in the Manual 
which do- not figure in the syllabus ; 
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3# List the activities includod in the Manual 
which do not figure in the syllabus* but 
are vocationally inport ant. 


4* List the activities prescribed in the sylla¬ 
bus but not covered in the Manual# 


5. List the vocationally iuportant activities 
which ore neither included in the Manual 
nor prescribed in the syllabus. 


6. a) Does the relevant infornation given under 
every activity unit furnish enough thcarrot 
cal background of the activity? 

' Yes/Nc 

b) If not, list the activity units where .vie 
vaht inforuation needs further nodi a-’c .. SI o 

* 

Activity Unit Portion Type .'.1 id¬ 
eation u*yu 
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7. a) Does the relevant information contain, any 
- factual errors or inaccuracies? 

Yes/Uo 


To) If yes? give the details 

Activity Unit jirror/Inacouracy Should read 


8. Did you notice any exp res si one/sentences in 
the manual which do not carry precise nooning 
or information? If yes? then ;.jive the details; 

No* Drpressicn/sentenco Would Oo more 

appropriate _ 
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9. ats instructional objectives pertaining to 
each, activity unit rational? If not, list 
down, the irrational, irrelevant or vague ones. 

activity Unit Irrational/irrelevant/ 

___ vrv;uo oh ,i ^c t i ve _ 


10. Djgs accouplishuont of the activity units 

result in realization of oejoctives in torus 
of behavioural outcomes in the pupils? If not, 
point out the behavioural outcomes nentionod 
in the uanual, which you foel are difficult 
to achieve through a particular activity unit? 

Activity Unit Behavio u ral outcome 


9 



Is the jprocodu.ro for activity units well 
sequential? If not, point out tho discre¬ 
pancies alon^ with your own observations 
or suggestions. 


activity Unit 


Discrepancy 


0 bscrvation/ 
suggestions 
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12. Did you notice any inaccuracio s/discrepancie B 
in the dia^rauace illustrating activity units? 
If yog, point thou. out. 


Illustration No. Discrepancy/ 

__ Inaccuracy 


1 Your overall opinion p„b dxut the Manual "which 

nay bo useful in the effective inproveaent 
of the npjiual. 


V 



QUASI iONiUXS. EGA THIS PUPILS 


I. , 3TH T -0TI0NiJi-CU14-i , iU.G , ri0i*Xj iYL&NUAli ON 


A* Naue of she .Pupil 
(in. clock letters) 

j 3. Neue and address of 
tho school/colle^e 


0, Glass______ 

D. Modiun of Instruction_ 

1. Enlist the portions of the Manual which you found 
difficult to understand end jive reasons. 

Activity Unit .Portion of tho Difficulty 
___ Text _ experienced 


2. 


Mention tho plp.cu > where you found the lan-pia^e 
to oo difficult. 

Difficulty 
experienced 


Activity Unit 


Paye No 
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3. Point out the’ figures/illustrations which do 
not help in understanding the topio/thene. 

Illustration Mo. Tour observations/ 

. _ difficulty experienced 


4. Can you conduct tho activity units yoursolf with 
tho help of this nanual? 


Yos/No 

If not, point out the portions of activity units 
which need further elaboration or explanation. 

Activity Unit Portions to he 

_ _ elaborated_ 


/ 


dldi, ncert 
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Was theoretical info raat ion ^iven in the 
Manual useful to you in the examination? 


Yes/No 


Do you know Ihe scientific reason oohind 
stops that you take in the conluct of 
different activity units? 


Ye g/lo 


Your overall candid opinion about the Manual 



